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(54) CATHODE ACTIVE MATERIAL FOR LITHIUM SECONDARY BATTERY AND PROCESS FOR PRODUCING THE SAME 

(57) Abstract: 

PURPOSE: Provided are a cathode active material for a lithium secondary battery, which is excellent in capacity 
property, wattage property, and cycle lifetime property, and a process for producing the cathode active material. 
CONSTITUTION: The cathode active material comprises: a core containing a lithium compound selected from the 
formula 1 to 9(wherein formula 1: LixMn1~yMyA2, formula 2: LixMnl -yMy02-zAz, formula 3: LixMn204~zAz, formula 
4: LixMn2— yMyA4 , formula 5: LixBI - yMA2, formula 6: LixB02— zAz, formula 7: LixNil — yCoy02— zAz, formula 8: LixNi 1 ~ 
y-zCoyMzAa, and formula 9: LixNil -y-zMnyMzAa); at least one surface treating layer formed on the core and 
containing metal hydroxides. And the cathode active material is produced by coating the lithium compound selected 
from the formula 1 to 9 with at least one metal aikoxide solution or metal water solution and then drying the coated 
compound, wherein the metal is Mg, Al, Co, K, Na, Ca, Si } Ti, Sn, V, Ge, Ga, B, and As. In the formula, 
0.95<=x<=1.1 , 0<=y<=0.5, 0<=z&!t;=0.5, 0<a<=2, M is at least one selected from the group consisting 
of Ai, Co, Cr, Fe, Mg, Sc, Y, La, Ce, Pr, Nd, Pm, and etc., M is at least one selected from the group consisting of Al, 
Cr, Mn, Fe, Mg, Sc, Y, La, Ce, and etc., A is selected from O, F, S, and P, and B is Ni or Co. 
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f^J $M ^ ^ ^508^1 

^3 ^ ^ ^508^1 



(54) o]^}- 3*1-8- °<H- ^ nfi] Tfla tua 



s.-?-E| 3^3^ 2<H 3 -8-71 2<H $H *W £fe *>4 ^ ^3### £#«Hr 

X3*|e| #^8: ifl-t!:^. A oM i^^e] Mg, Al, Co, K, Na, Ca, Si, Ti, Sn, V, Ge, Ga, B ^ AsS. o]^-o]X\ ^ 

*M <5d«]5|fe *W £fe 
[Sj-^H l] 

Li x Mn!. y M' y A 2 
2] 

Li x Mni. y M' y 0 2 . z 
3] 

Li x Mn 2 0 4 _ z A, 
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4] 

Li x Mn 2 . y M' y A 4 
5] 

Li x Bi. y M" y A 2 
6] 

Li x B0 2 . z A, 
[5r«H 7] 

Li x Nli. y Co y 0 2 . z A, 
8] 

Li x Ni!_ y . z Co y M" z A Q 
[s}-*H 9] 

Li x Nii_ y . z Mriy M ' z A a 

(^7] 0.95 < x < 1.1, 0 ^ y ^ 0.5, 0 < z< 0.5, 0 < a < 2*131, M'£ Al, Co, Cr, Fe, Mg, Sc, 

Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb ^ LuS o}^^. ^d]]X\ #^5)^ EE^ 

€i c, l3Z, M" Al, Cr, Mn, Fe, Mg, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb 
U A LuS, o]^o]^ ^6)}*] i}x^ ^ o)^s\ %±o}^ i A fe 0, F, S ^ PS °]^<>]$. ^5)51, 

B^r Ni S^r Co°14.) 

tllS.£ 
£ 1 

^^^i-, 0 0 ^*#^,5ll- 0 l^^l 

-gig 

SL l-gr 1^ ^AHl i, 5 , tfl^ 4 h]h^ i°] ^ *ll^€ ^£<H1 £i£ s>g 

(capability) # ^EflS., 

£ 2^ £ -i^H 1, 5 ^ a]jaefl 15] ^ 6.5. ^ *#^°-l 4°1# aeflE. 

t^l A 0 V X|*1 ^ig 
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mo) 7] # ?5 J3. #2f)7]# 

[4<£4 ol-g- 44] 

4 #^4 e]l °14 4*14 44 t#€ 55 ^1 4^ 41HI 44 3^4, 34 4^14^ 44 14, 434 Spj 

35 4°1# 4^ 1^°1 444 el* °14 444 44 «4« 55 ^ Tfla 4^] 44 ?H4. 
[#2fl 71*] 

el# 4*lfe e]l oi ^ 4<g 35 te]7} 444 44 55 4^^ 444i, 47] 4^4 44 

4°H -B-71 4eH 4^4 44^ 7i]2:44 elf - o^o] * 4^4-] ^-°j/tal€ «141 <&Sh 

44 44°fl 3*M 47] 4N*lf- ^44. 

o]e]4 ell- o]*> 4*]^ sg 5 4^ #<fi 7 } 3.7V, 4 4V^1 44^.4 3C°14 g^o^fe ^rfl-g- 44, jcH^. 
^acH f-ofl ^4£S 3431 flfe 3*1! 333 14^] *H#SK=- JL±o]r%. 

elf- 34 433 44 flrS-^Sfe 5l# ^44 *}-%-t}% ell ^44 7^44 ^4 <|H43 S (dendrite) 3 ^ 
.2.3. $J4 43 443 33 4* 3^3 Sa*H-H 3# ^ 34 «OT 4i SLfe EVi 43 44:711 

Cfl^dSjcH 7 >51 Si 4. 1*1, 2)e°T|fe 4^3 #i3S.l 444 47}333 Si^l #33 37>43 i 3 -^ 3 

f]4 i443H(B0C)l Tiissis si 4. 

44 4#33.fe 413431 (chalcogenide) 4443 4431 $H3, 1 IS LiCoO 2 , LiMn 2 0 4 , LiNiO 2 , LiN 
ii-x Co x 0 2 (0< x< 1), LiMnO 2 43 44 ^4 44443 £43l §14. 47] 44 4 LiMn 2 0 4 , LiMnO 

2 43 MnTll 44 4#H4 434351 <|i, 43 3i3 43, Mi^i'SE^^ 333 $lfe 443 3 4 
4, 44<>1 44fe 434 4H $14. LiNiO 2 ^r 333 £44 44 #4^ 4 7\% 43 43, 44 44 44 44 
sj 47] 44^ ji 01 o.x4 4^474]- o] 34 434 4i $14. LiCo0 2 te- 45:4 47l 4££4 44 43 4 
4 ne]jL 444 44 134 a»H, *i3 Sony4 433 43433 343i $lfe tfli^4 44 ^ 
^WHl 44=11 Sic 4^1 si 95% °144 4441 $14. 1&14 LiCoO 2 fe 7>^o] tf]4 4^0] ? j 0 ] > o]e)4 LiCoO 
2 # cfl^]43.7} 44 2c^#«>) ^°1 4*15)1 $14. 

0134 44 i7])4 LiCo0 2 ^l 7114 4^1 44S ^14 4*1 ^1 5,292,601 3L°\] Li X M0 2 (M^r Co, Ni ^ Mn 4 ^^1 
£ 44^1 4i 0 H, x^r 0.5 ifl*l 1$1)7> 7l45)o] ojc} n]^- ^ 4 5,705,291 ^ 44°l4 as.4, 3 

1 4°1^44°1h- ; 44^14 44°1h, ell 44^4141^, elf- ^4^414 43^ ^44°!^, ell 4el?14lH 

JEfe 0 11-Sl 44#4 if-4^ a^#4 e] EHH E}H °lE]^-e|]o]4 444(Hthiuated intercalation compound)4 

-E441, 4* 400 °C 4£S £<S«H A J-7] elE]oi]oie]H -?13§eflo]^ 441- ^44 444^. s^4fe ^ 
4^1 7145H $14. 

ie)4 a] 4*1 44 14 43^ ^ a>o]s ^ s^o] o.>,*> 4#^4 711447] 34 $144 ^4<>14. 

4 444 ^-7)1^4 §1)71471 34 ^^1, 4 4^3 42]^ 44 4^, 4^14 1^ S 4°m 4^ 4^°1 
444 ell °14 4^14 4^ 4#44 7fl^4fe ^°14. 

4 4$§3 4^ 4^!^ 444 #^4 4^ ell °14 4^14 4^ 4#^3 XI 2: 4114 4]44^ ^°14. 
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$7] ^t}7) 4J«H, £ ^£ *M 1 ifl*) gs^-E| ^5)^ s<H ; 35 a<H 

$W * r 4 ^^=)s, ^ <r#3-t~fr IE^^bI ifl-^fc ell- d l*r 

# >0*^4. S^^el Mg. Al, Co, K, Na, Ca, Si, Ti, Sn, V, Ge, Ga, B ^ AsS. °l^-<^ ^ofl^ A}e»s] 

«>4 £fe *>q- o}^ s-ttb^, 

1] 

L^Mnj.y MyA 2 
[3^3 2] 

Li x Mni. y M' y 0 2 . z A z 

[5r«H 3] 

Li x Mn 2 0 4 . z A, 
[§W 4] 
Li x Mn 2 . y M' y A 4 

l«! •••IN 5] 

Li x Bi. y M" y A 2 
[5}-^ 6] 
Li x B0 2 . z A, 
7] 

Li x Ni t _ y Co y 0 2 . z A z 
8] 

Li x Nii_ y . z Co y M" z A a 

[$nq 9] 

Li x Ni!_ y . z MtiyM^Aa 

(-#71 ^HH, 0.95 ^ x ^ 1.1, 0 :£ y ^ 0.5, 0 < z < 0.5, 0 < a < 2°]J1, M'fe Al, Co, Cr, Fe, Mg, Sc, 
Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb ^ LuS, o)^.c]%\ ^o\}a] SEfe <5}i-f 

fioli, M" £ Al, Cr, Mn, Fe, Mg, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb 
35 LuS. °]^-<H*! -il^Slfe Efe *W ^£<>H, Afe 0, F, S 3> PS °1 = 0^ ^SU, 

Br Ni £fe Co°14.) 
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%7\ e]f - o]^ .g- 4^- s}-§-3<>|13, S^^e] Mg, Al, Co, K, Na, Ca, Si, Ti, Sn, V, Ge, Ga, B 5? A 
S 5L o^o^ Ajajslfe f- o]^o] ^-43 itt 4 £ $14. HL4 B]# o]*> 34 -8-71 

^ flofl Mg, Al, Co, K, Na, Ca, Si, Ti, Sn, V, Ge, Ga, B £ AsS. ol^-<H3 ^°1H -5d«?=lfe *> 

4 £tt 44 ojAV £44^ ^1 il^s] 43 ol ^1 1 £3*1 el ^^S)JL, Mg, Al, Co, K, Na, Ca, Si, Ti, 

Sn, V, Ge, Ga, B g AsS o^o^ ^oflAj ^S\^ 44 £b 44 ^43 afl-^fe ^ 2 IE 

44 4 £ £14. °Y&Q, 4^3 elf °14 £44 44 i2<H ^^5)3., Mg, Al, Co, K, Na, C 

a, Si, Ti, Sn, V, Ge, Ga, B 3 AsS 0^3 44 SLfe 44 ^44 3Lt*fe S^e] # 

4 3711 ol4i44 4£ Xl4. 



3 3^-& 3E$, Mg, Al, Co, K, Na, Ca, Si, Ti, Sn, V, Ge, Ga, B 5? As3_ °14ol3 S<flA) 3.^£)fe ^4^1 

©1 h 4 0 - 1 ! i£fe ^4 44 OJ l 44 afe 44 o]-** 444^ #7] i tfl*l 9^33 4444 s^*>s 

; #7] i2^3 4444 424^ 4^4 Ittr e]# o]4 3^4 *]}2i 4^4 *11444. 



4?1 EEL^ 32 4^4 Mg, Al, Co, K, Na, Ca, Si, Ti, Sn, V, Ge, Ga, B ^ AsS o^o^ &<$X\ 3?«5)±r ^4 
4 §1-4 Hlfe 44 °14 i44fe ^"4 "WHS. -g-^", ^4 ^-g-efl SEfe °1#S1 *4 #7] Bjf - 4444 

14 s^*>2, 13 52^3 e]# 4444 14 7i2:44 elf- 44#3 5.4i ^ 1 £4*13 44 ^4:2-, ^ 

1 5.3^e) #°1 2]# Mg, Al, Co, K, Na, Ca, Si, Ti, Sn, V, Ge, Ga, B g AsS °l^o]3 ^3 

3^3^ ^44 33 hl^ 34 °13 £44^ ^4 344 0 1h -8- OJ l, ^ ^4^ SHr °lt^ 44 3°Jj^ 23 a 
U4-4 -S-71 23 S^S elf 34#4 23 323^ -*7l 3 1 X3^e] 3 2 £3*1 e) #3 ^^3^r 



SL^ 5| 32: Mg, Al, Co, K, Na, Ca, Si, Ti, Sn, V, Ge, Ga, B ^ As5. <>13o]3 ^°\)*\ 3^5] 

44 si^r 44 it4^ ^34°1h 3°J1 ^ ^ 4 °1^ 4-8-4^ 

33] ol3 4H« -r £ Si4. 

ol4 ^-i- a.4 a oM14tI1 ^^34. 

^ ^^1 e]# 01 3 333 31-3^ 47] 33^1 j ^3 qs.^ 3^s)fe elf - ^°i4 °1 s<H ^°11 4 
3 3L^ 44 oR> ^3 343#* Ifsfe J£4^5l f^s 4^€4. 

[^•44 l] 

LixMn^y M' y A 2 
[34^1 2] 

Li x Mnj. y M' y 0 2 . z A^ 
[44^1 3] 
Li x Mn 2 0 4 _ z A, 
[444 4] 
Li x Mn 2 . y M y A 4 
[44^1 5] 
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Li x Bi. y M" y A 2 
[44A 1 6] 
Li x B0 2 . z A, 

[s\-n^ 7] 

Li x Nii_ y Co y 0 2 . z K 
[4«H 8] 

Li x Ni,. y . z Co y M" z A a 
[44^1 9] 

Li x Ni i _ y . z Mriy M ' z A a 



(#7] 0.95 < x < 1.1, 0 < y < 0.5, 0 < z < 0.5, 0 < a < 2°]i, M"4 Al, Co, Cr, Fe, Mg, Sc, 

Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb g LuJS- o]-?-<H4 4^5)fe 44 5&fe 44 

M" 4 Al, Cr, Mn, Fe, Mg, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb 
£ LuS. °14°14 ^o]}a] 44 SEfe- 44 °14^ ^io]^ A ^ o, F, S 55 PS ^It*)^ 2, 

BfeNi ^fe Co°14.) 



47l #4 Mg, Al, Co, K, Na, Ca, Si, Ti, Sn, V, Ge, Ga, B AsS 014^4 S°1M 4^Slfe ^44 4 

4 Sfe 44 °14 £44 4U 4U 4£ Si 31, ^44 44*1 JEfe 1- °14 4?t^tE Si4. S^Bl 4 

4 44 4°-^. £444 44 *#S«>1 4°^ #iL4 ^Bj-^i ^ 5) a}o]# 4^ jf^oj at). 444°1 34 4^34 

4. SL4, -8-71 j£4^el 4^ ^4 JHSWhjHWh, ^ 47-l7>iLvi]o]E afe ^4 4*1 ^4^1 4^11 °m« 4 
4 afe 44 °14 34 £44 4 £ $14. 



4 4^3 ##^4 711^47] 4*1 ^4 444°1^ 4°-3 £fe ^4 44^4 *Ha44. 47l ^4 44 

a>o1h 4^4 4^44 °1 4h4°1I m*H o.i 10 44%, 44347im o.i 3*1 5 44%°fl *l)44fe 43 ^ 
44 444714 £fe ^44 4s43 4444 443?] 7)1^44. £fe ^4 4443=--! 4s4°fl 4343 O.i 
33 10%, 44343fe 0.1 33 5%3 ^4 4443^- 434 3^4 4 £ S14. 47l ^4 4434 44 3 43 
343 O.i 33 io 44%, 44343fe o.i 33 5 44%3 344fe 43 ^4 SEfe ^4 4444 444°} 3a 
4t14, #4, ^4 314 ^4 4414 44#4 443 3 7)1244. 



47l Mg, Al, Co, K, Na, Ca, Si, Ti, Sn, V, Ge, Ga, B i£fe Aslr 444 4 Si 4. 47] 4s43.Tr 34 

4, °fl 44 5Rr 3i£3444 444 4 $1^3, 333 ^44 434fe 34 ^4 34434 ^4 3443 h SE 
fe- -g-4 °]iSi4[°lH 433 32:34. 

47] ^4 447>°]£. ^, Si 444°1h 4^^] tfls^ 1 ?! ^lsfe Aidrk^HW 

7)]^]S(tetraethylorthosilicate) 4^4 444 4 £ 9X^1, ^n*}** i44i 4*fl4°] 7)1^4 ^£40)1^0,5 

S4s]7)l°ls-t 444 4 £ SI4. 4?1 ^4 44^^1 ^S^4 i^fe 444 47>o]h(v 2 0 5 ) afe 4a^4 44 
TflolH(NH4 (V0 3 )) 44^4 7>44 4 Si 4. 
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%7] #43 o.i ?4%:a4 4°-4 #4 444°1h #4 44^ 47I 44*1 i ifl*i 9^1 44#4 

2^4^ tJ}?} 444*1 &°.4 A o V 7] #43 #5.7]- 10 44%» 3:444 2^ 43 ^7)]7 r M4 4^*1 4434 

*1 &4. 

o}$± 40) ns,^ =^ t#4°l£ -g-^ £fe #4 44^-°-S #7] 44*) 1 xfl*l Q£.¥-B] 4^3^ 4414 .aU (e 
ncapsulation) It 11 }. 

a> 7 ] ^3^4 CVD (Chemical Vapor Deposition) 4 ^ 2*| (dip coating)^ 4 H4 2^ 4t! 

^ A}-g-t ^ 014. o]e]*i ^ofl^ 7 }4 444 4^ 44*1 £44 2*g 4 OJ Hl 4^<H ^e] 4e||s £ 

€■ 4, 4^4 *H?14te *84] 0 J 3 2^^°] 4. 

5E.4, 2*§ 444 4H ^H^l, 433 ^EflS 4^ 4, 4 0J 14 ^WRr #?§4 44 #^?1 4^ #*<]4 * 

AH 4*14 fl- 4^3. ^ (one-shot process)^ 4*14 4 £. 5^4 °1 4^ #*<H 444°11 44 ^ ^1 

51^°! 5tU, £4*13 44 34 #«1*M) 4 £ sa°1 44344. 47] S144 #*<H1 34fl 4*11*1 4i 
^44, 47] 44*1 1 ifl*l 9S43 4^3fe 441(34 441)4 #4 44*H^ 4°-3 £fe #4 44^4 44 
7Hi ^4jl °1 4433 451* 47W?lfe #7jAS 4*144. °1 4^1^i £fe 4a» 43 

as 4fe 4s°J ?}± (blowing gas)* 4<y44*1 444 4 £ $14. 47] 4s°J ;4s^ !±7 r i mfe o>s^ 

7}i 43 1-4^ 7 >>: JEfe C0 2 3^ H 2 07> 4*11 7>i (harmless gas)* 444 4 $14. 34 47] #4 44 

43 — 4°J] £fc #4 44°^ 47] e]# 441 X43 2^334, 443 #4 4443H 4°J] £te #4 44^ 
34 ^7> ^ 24°1] s]4^ ^45)^ 7|t]^4. 447-i 44 4^ 4°-!] ^]t] ^ S 4^ ^-^4 4 

4 4^14 4-^gi 0 ], 44^1 447]i^ q} ^ (one-shot process)^ 4^14 4 SI4. 5^4 444 4*fl 
^1, 47] e|4 441-4 44 444°l^ 44 ^ #4 44 OJ i4 447|i 4^4 4, 4 10 4430S- 44 °ii«i4 

4(premixing)4 4^14 4 S. Si 4. 

47l 447]s] -g-nflo] £ ^ #0 ] ^4 4 5iife 4£S 474414 4£ ^7 r 4 is 50 ^ 
lOOt^l 7>44» 447] a]4s 4, 447]* 444^ ^44 7}44fe ^4^-2.^^ 1H4711- 44<^ 

4^1 4£» f?M?i 44s]^ 4^4 * 4 514. 

47] 447lsLfe e)4 44#4 ^-4 444°!^ 4 0 - 5 ! ^4 44 0J ]4 4 £4*14 4 5tU, 4*4 4^14 4 Sl^ 

4. *S°J 7>i# 4^4 4 4£# ^7}A]Z] ^ o lA Tg ^ot^ fltK tflS^ol ojjJLfe 4^ 44 

7] (planetary mixer)!: 444 4 Si 4. 

471 4^§* 471 #44 44 ^ 44 °14 S44fe #4 444°!^ 4^ afe #4 44 OJ !4 44 SE^ 44 
°14 444 4 0 ^4 444^ 4*14 4 £ 5tU, 47] #44 44 ^ 44 °14 i444 4 1 #4 444°]^. 4 
Qfl, =^ ^-g-ojj o]s.o] ^-oflo S 1^ ^ £2ii>}5L 47] #44 44 afe 44 °14 i44^ ^l 2 
=.4=. <^24o]£ -g-ojj, ^-^ ^-g-ofl oii-o] -g-6« 24 2|i4£ S14. £r, 4# 3/fl °l4^l # 
4 444°lH 4°Jj4 #4 44^4 444^ 44^^s 3^ °14 4*14 4 £ Sl4. 47l 

44 4 0 ^4 444^ is) 4*14^ 5J^4, 4s 4§ 44^1 4^4 444°] #^§4 2^ <^14 4*14^ ^°1, 
444 444 4°1-1 4^ 4^4 ^-4 4444 4 SH 44^44. 



^ 444°!^ 4°J1 #4 44°J14 44 44 ^14 444^ *^4 4*14 ^-flfe 444^ 4°J1 
#4 4<a 444 S4 4444. 

^ *^ S4°fl 44^^1, ^4 2^4 4*14 °14°llfe 4s 4*14^, 47l tia 44 ^41 200°C°ll 
^ 1 vf|*) 20*14 *4 4*144. 471 ?d2 44S4 4^ 4£°11*1 4*14 ^4°fl^ 3^ *14°1 M4 3-4 

4^314^] 200 ti- s44b ^4°l]fe 4^4^ S4^el 4°] ^^^41 4ah.s 44^14*1 44. £4, 
471 4^ *14°1 1*14 *14<a ^4°fl^ 44fe i4^el4°l ^4^1^] ^ 4 °1 Sl^, 20*144 a4*H=- ^4 
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5L% ^4 4*14 ^4ofl4 #44 44 go], £2 ^o] =7^4 ^Alofl o] ^7lsi ?^4 

4*i# 



ol 42 ^o]l 4^ s^ofl i§a^ ^ t^HlH 31b ^4 #4°J! 4* 341 $jb #44 av-g-sfc^ ^"4-4 
A] *folH^A>olH.S 1*1- 44*40., ol*^| 444 1^°1 34 427} S)44 4#4#S ^^5)0] Sigol] AflS 

4 Wl^ 3ib 3333 ^4 4#414 £4#b #<>1 ^j€4. °1 *3 ell" 44«-°fl £43 °1 

5i-8r # Xl^r °J4 l^i^l S|*H, 5E4 42 *fl7H §7j)SHr H4 441014, n l 4 l^l #4 4 A 1#°1 

cs.^ 0 ]c_ ^ ^A^i-jii-floiE £ i= ^ s>o] H s-a] 7>±LtfME^. ci# i##b x4^ei 4°1 4 £ $14. 



qeH, 1- o]^- x##b ^4 44#°1^ sib ^4 ^-8-^* #4*H 1$ ^4 4*14 ^4<>llb, 3. 

4°ll AB (A4 Be 44 Mg, Al, Co, K, Na, Ca, Si, Ti, Sn, V, Ge, Ga, B g As^ 4 2] 3 4 

44) 441 4<S4 C >1 2$ °1# ^4 4*14 ^4°ilb, £4°fl A sl-41 #4 01 ^ flofl 

B 441- 4 4^1 44 4°1 14^4. 

#71 ^ .2.3. ^3 a^B] 4^1 4?flb 1 341 100nm°J 3}°] 44344. -*7] £3*1 3 43-1 447} inm ^Vol 
4, £4*13 # ^^6)1 xt^# 13};} *H## #^7} 100nm4 2x444, £4*}el 4^1 4^7} 4^2l*> 
*1 S4. 

711 elf- 441 3<>H ^« £4*le] 4£ ifl-»MI*ft 4711 «■ 4 s $W 44 4^ #44 ^7H^ 444 4 
£(C-rate) V 1 ■•:•'! 'Hi s. Aj.fi- =-44^ 4A3.fi. #4iJ|<4 o]-ej-^. aig 7fl^^ oJ== 

^6)1 3 o__ slcJ- 4.^^ A>ol§ ^ STg^ c|l-<H ^fl 7 C V^ S-Ajol q-Efq. ^^^(po 

wer) 713)34. 



a ^^1^4. f^sfl s ^°lr a.^ ^-S- ^^1* ^, ^4 1^3) ^^ir ^^1«H, 
#0] ^aj^ ^ wa-Sr ^1124^4 °1 ^-f. #4# °1# ^££7} Hla^ 44, ^ t14 0 1 ^7l-s)<H 
44 441 4 §14 444 ^4^-14 4 51534. ^4 ^ 4^°14^ oi&)# oj^ej 4^144 44°fl 44 
4 44414 1Mb S4^el 4^ 41^4 4^ 4 <>1 4^ #1^ ^4 #41 4°1 

^^4 4^ #l€°ll «14 ^44 444 4 A J4 44^4 4t11 ^5i4. 



a. t^l^ ^tj-A] j ^ 92 ^ #<g^ o.s 44sm 44^ l »fl^l 9^1 el# 4414 #44 

4 £ 5tU. £r 444 4-& 4^^-S A 4 4414 #44 4 £ S14. 

#71 44^1 l 341 9^1 4414 4^#7l fl^, b)#$ g ^4^4 44fe 44«]cfls 4444. #7l el4<S^ 
ojavaj as 4#741 ell- c-14 ^^-g. oj=q. A^\^A #4=1^ ^^14 ^s. #44 4 Si^, ^ ^ 

i^ 1 ?! is el # l+olSifloi^ e)f - o>a)^o1e e)4 #o1h47}°1hi- z-}^ 4 Si4. #7l ^-4^^-^ 4 
49J, 5a*s«8, 5r 44^4 444 4 5d4. #7l 44^-5-^ 44 4^4141^ £fe ci^-Afoi^. 
44 #44 4 &jL, #7l i£?4s^ii.s.ir iafs 44°1^, ats 4 0 lS5ll 0 ls afe 5i4H 4^11 °1 SI Aj-g-4 
4 Sl^, ^^^-5-^ 4ciH.4Ai.0ic_ q^ 401 eefloi e jtb q# °MN°1S1- Al-44 4 $i4. #7l M€ 
44^^ M#^4 44^4 ^ ^44^ a|^4 4^^ ^ d> ? >oj > s ^-eoj > q^ 

^, ab q^ 44^4 44 1-^4 4^ 5b < ?1 < §4 4*11 3 44€ 4 £ 514. #7i i-i-g ^sfe 44 #^-i4°l 
h elf- 44^-4 0 lS7> a}^-^ ^ ojo.^_ a o v 7 i ^ tiosi; ^ a|4o1h 5Eb b)# 44 0 1^* 7>44 4 fl^, 
#71 ?!<g^ H3PO4I- #44 4 514. #71 444 s#s# U M 44^, li'S, 4^ ^ 0 J^°1 #7l 
44#i 4^ sib 4M4. 
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44 i» #2, #4=- ^"Jlc-) 44 (mortar grinder mixing) 4 444 4 XU. °1 ^1 , SJ #4<^ 

444 42471 $]«H, ofl2#, tfl24, § -g-nflf. ^7f*>Jl -g-n])7> 7] 2) &o]4 nj)^ ( so i ven t 

-free) #4^ a 4 2 3 -g^ (mortar grinder mixing)* -^l*Rr 7 A °1 42344. 

44#4 2 400 Ml 2 600 "C^l «^e)«H § 2^ (semi -crystalline) 4^ 44^1 1 M41 9^1 

42# 24*11 424 7fl£22. t^el *£7> 400°CiL4 ^o.^ 2lf-<£2 24°1 444*1 £2^ §213 

01 Si 4. 5* I^WM t(|22 24*11 424 2222 S^B] 2^ 4°fl 32 fS°J (blowing) 4 

^7] 24*11 424 ^oflA-j 7^2 (remixing) 51424 ££22 ^ £ °I2. 

2<>]2 § 2^ 24*11 424 700 i-fl^l 900 225L 2 10 «JM 15*12 ^2 24 t*l5]22. 22 22 
7} 700°Cli4 4°-2 2^ # ^o| ^^5)7] 2^4*41 $]2. 4 > 7 ] ^ o. jc- a>^ # 

2 (blowing) 4^ 224°fl2 1 Ml 2 5°C/43 222:2, 4 1*12 42 4*12 

3f 7>2 ^24^ 5} 0]^M22. 

°H2, 4^ J^Vai i iflxl 9^ Sl-tl-S o!422 SoflA] ^^Elfe 4214 422 44°M *)1 2 2 (remixing) 

23 B)# <§2 34 SI^Ml £-£2.2^ 22 22242. 

24 2 222 2222 22^1 3 2^2* 2**4. ^2 §}24 222^ ^. «VT^ol 2224 <g 2221 & £ 

2^2 22* 2222 u^^fe 22 424. 
(222 i) 

98% 2S222^S£2222H(AldrichCo.) .g-ofl^ ofll^g-S 1% ^£5. 2242 2^22! o. HE.2222 E 

224 422 222SI2. ai- 22HS222S- 22* 22*2 43122 1% 222 A i- 225.3.222H ^i^-a- 

$7] EflE 5 |-o)1^^3 S .^e1?11o]E 01]E^ -g-oHsf Al-°liHS.^7>o]H ^B]-g-S. ^^f^ Al, 

Si* 44 1% ^ES. SWfe -fr^-l- 7|2S}-«C)-. 

47] -8-°Jj°l] LiCo0 2 (UMKorea7» 100g* ^^8r ^ S«>7]S 4 10^4 W 4^ 4^°! LiCoO 2 S-4^ 

a?io)) 4 m 4S4. 'S^^ ^J^#4 21= 3044 4^14°i, ^ #^4 -g-ojj^- ^ ^ 

7)sH l-^ 1 ?]:* ^Si4. 31^ i-14 100°C°1]7l 107.1?V ^4 ?d2:4 (1 l LiCo0 2 ^-^ S4°1] Al4Si4 

i44^r 444# 44 W>W^. °lf 7)1 ^1^2 4414 4 fi-# (sieving) 4^ 2)# °14 2^14 44 «» 
^4 711^4^4. 

71122 4^- ##^/£27ll/4 < ?lcH- 94/3/33 3 IMS 444 ?N4i 3*el=- -g-nM ^-^7^ #s)e|» Tfla*} 
^4. °1 45iel» Ai-S«a fli ?fl^^4 4, 2243: HeU^M a°l 4^14 4^ ^44 7fls« r ^2. 4122 4^ 

^■44, 514 #44 7>-g-*>^ Ar^-S 7-11 al*b(Ar- purged) ii« 42 rfloflA^ S ^ ^If- 7ll£sl-«2. °1 

nfl, 2*B°Jl°-2^ iMLiPF 6 7> °111€ 4a-^4m4 3^11 4s>H°m3 MW(1/i 4^«1)4 7>^.«>« 
4. 

(27-H 2) 

5% EflH^^l'i^aS.Tjej^olE _g.oj)4 5 o /o ^.co] Al-°l2SS-^-A[o]H -g-^-fr Al ^ Si4 44 

5% ^2sl 4^4 412*} jl, 22 ^^4 50 o C^l7-l 10^2 ^4 4714 ^4 4414^^ 47l 

14 ^^4711 ^7i§>^2. 

(^7H1 3 ) 
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1% #£1 31S4<H14£5£41?1HH 4°-44 5% #£3 Al- 0 1± = S^>o]h #1# 444 c< ] Al4 Si# 44 5 

% 1 1%1 #513. £44# m 4°-3# ^]2#2, 42 #1# 85 1 414 loll #1 414 53* 1142^ 41 
Hi 14 #°J41 41414. 

(44<4l 4) 

98% #-£5] lSlll.£2E411 o m(Aldrich Co.) 144 4°J]4 144^ 1% #£.3. 114°] 13=411.2.2 

Ell lis 4^4 42414. 

47] EflE^^^eM^^^olE -g-ojjofl LiCo q, (UMKorea4) #4 100g4 1# 4 2413. 4 10#4 11 ^o]_ 

47] 4°J]^3 LiCo0 2 #41 £14 #2# i4 2^414. Ill ^4## 4 30#4 4144 2^§ #14 4 OJ ] 

* #14 4, 4^4 4141 2l #144 £14. 1°11 2^g #14 100°C14 1014 #1 1241 LiCoO 2 
#41 £4^1 Si 444# 44 l^j^lM 

<>]14 #11 Si 444# #1 ^14 LiCo0 2 444 1% #£l Ai- °] £5.3.44°] 2 4°-»l Hl7l3 
4 1044 1141 47] 4°J] 23 LiCo0 2 44^1 £4* #2# 24 2^414. i% Ai- 1£=s^4°1h #°J]# 
Ai-°]££/3#4°]2-i 14#«]1 4*(I41 4a414. 1°14 ^§4## 4 3044 4144 2«§ #14 4 0 J]# 4 
14 4, 414 2l #144 114. till 2^§ #1# ioo°cll 1014 #4 12#°] LiCoO 2 #41 

Si 444# 4 ill Ai 444# 44 *§44^4. °11 1 424 #44 #14 4 ## (sieving) 4°] 14 °14 
414 44 ##14 42414. 

7l|24 44 4#14 1441 #7] 411 il #144 si 44# 7)124514. 
(Ill 5) 

14 2l 4°-« 23 1% #24] Al- o]i££4}°]H 4^4 4442, 24 2l 1% #Sl ElE^l^^a 

s#b]?11o]e /*.]--§- si ^ ^]2]s]-ji^ #7] #11 44 #14t1] 444S.4. 

(H]2«i) 1) 

LiCo0 2 (UMKorea4) #4/l£4^/411# 94/3/31 14«]2 #44 4 N - 1!1*2]# 411 4°41 44 «# 

1 43 1# 42414. 

°1 4&|e]-t-444°] #7] 411 14 #14 4^23 si 14# 42414. 
(12^1 1) 

Al- o]±53.#4°l2 #1# °fll#^l 45114°] 0.1% #21 Al- °12J23#7H2 2*§ 4°-*!* 12414. 
#71 2^ #°JH LiCo0 2 (UMKorea4) #1 100g# ^#4 4 241S 4 1044 11 41 4^ c »l LiCoO 2 #11 

Slol] 211 4 11 414. Ill 11## 4 3041 414°]. 2! #14 414 #14 4, 4^4 1 
14°] 21 #144 114. Ill 2^ #14 I00°cil I0l4#4l24°1 LiCo0 2 #41 ill Ai444 

# 44 14444. °111 424 #44 #14 4 ## (sieving) 4 °] 14 °14 114 4# 4#1# 42414. 

(121 2) 

-g-^os 1% #5.1 Al - °]2£3#4°l2 4 d -«# 4442, 12 #1* 50°C°111 1044 #1 414 !# 1 
142^47] 31241 14 #141 41434. 

(1241 3) 
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23 5% 4^3 Al-^lilSfA^lH 344 333.2, 434 85°C33 1033 43 333 34 3 

332^ a o v 7 ) rfls^) ^ ^.o^s>7ll 33333. 

(tfl2«4 4) 

2 3 -g-°-» °S 98% 4^3 EflE^. 0 flS|^.5 E ^el ? 1)olE( Aldrich Co ) o]]^ -g-o«.g- ol^HSl-a-i^g-S 3333 

*fl23 1% 45-3 3S333-$L = JH3333S 434 4** 34 333:a* 33 13 4333 33333. 

(3^3 5) 

iELU -8- 0 JjAS 5% 4513 3^333-2- 3.s^e|?)lo]E 4.011^. 44431, 32: 43* 25t33 243 3 43 33 

3 333^ 33 32:3 43 ^333 33333. 

43 433 i, 5 _ Hi^oji i g tHac}] is] ^ £ oii 3* 433 434 4333 n 334 £ HI 33333. 
2. H 333 33 33, Ai3 Si3 434# 3343 333 333 13 443(51 l3 a) 4 Ai 4444 3 1 43 
Si 4444 3 2 * ol *I33 433 53 443 (5i i3 b)3 443 433 LiCoO 2 33 3ai i(£ i3 c)3Si 
4441- ^o^*oi tflaH] 4(5L 13 d)^3 433 433 *4f* 3- 4 33. 43, 33* 13* 34(0. 
s#(i.oc)S. #33 4513 43344 34 4433 333* 3 4 33. 

3 331- 34 333 33iL3 333, #33 3513 3^ 33 333 33 33 * 3333 o. 43-t 33 5. l 
33 23 44 33333. 



[& i] 

33 *4[mAh/g] 





O.IC 


0.5C 


IC 


4 


160 


143 


100 




160 


153 


144 




161 


152 


133 


1 


161 


148 


113 



S. 2] 

33 33 [V] 





O.IC 


0.5C 


IC 


^1 4 


3.92 


3.81 


3.58 


^Hl 5 


3.92 


3.89 


3.87 


i 


3.92 


3.89 


3.82 


l 


3.91 


3.82 


3.59 



33 a l 33 23 333 33 33, 33 3 l 3 3 3 3 53 #4 31-3 3 3^3 l 3 323 ia3 ^433 3 
3 33 3 33 333 S*hs 5l& #33 33 3 3333 3 3 33. 



3L3, 333 l, 5 3 3^3 i3 43 # 33 43* 3333 tl 33-& £ 23 33333. 33 4 33 43* 4.3 
33 2.75V 3333 0.1C~0.1C(l3), 0.2C~0.2C(33), 0.5C<->0.5C(103), 10+1C(63)3 343* 
£4333 43333. =l 33* £ 23 3333^3, 51 23 333 334 £-3 333 5(5. i3 a )3 34 
33 71-3 443 434 43 434 33331,333 i(ii3c)3 34 443* 333 5^3^ 3£ 3333 
3H3 13 c)3 34 4#3iL3fe 443 43-t 43 434 3334 3 4 33. 
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44 4 4^ ejf- oi ^#44 ^44 44 hLtt 44 °14 £44^r 44 44444 
£444 £4*1 el 44 44 afe 44 °14 £44i 44 444 ji# 444 44 S 4°1« 4^ 444 44\H4. 

(57) ^4^] 

444 l. 

4?1 44^1 l MM 9^43 4^slfe 4444 £444 s<4 $ 

4^1 2<H $W 44 £4 44 °14 ^44^1, 44 44444 £44^ a4^el 4 

4 £44^ ell- °14 4*14 44 «#4<S-4, 

4^1 £4*1 3 44 Mg, Al. Co, K, Na, Ca, Si, Ti, Sn, V, Ge, Ga, B S? AsS 014^4 4°)14 4^5)4 ^44 4 

4 314 44 °14 £44fe 34 el# <>14 444 44 444 
[44^1 l] 

Li x Mri]_ y M' y A 2 
[444 2] 

Li x Mn!. y M y 0 2 . z Az 
[44*1 31 
Li x Mn 2 0 4 . z \ 
[444 41 
Li x Mn 2 _ y M' y A 4 

[444 5] 

Li x B!. y M" y A 2 
[44*1 6] 
Li x B0 2 . 2 A, 
[44*1 7] 

Li x Nii_ y Co y 0 2 . z A z 
[444 8] 

Li x Ni!. y . z Co y M" z A a 
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[S|-*H 9] 

Li x Ni!_ y . z Mn y M' 2 A Q 

(#7] <^MH, 0.95 ^ x < 1.1, 0 ^ y ^ 0.5, 0< z< 0.5, 0 < a < 2°U, M'fe Al, Co, Cr, Fe, Mg, Sc, 
Y, La, Ce, Pr, Nd, Pra, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb ^ LuS ^>}^^_ S^H Td^fe ^14 Sfe 5>u)- 
°RLS] ^^o]ji ; M " fe Al, Cr, Mn, Fe, Mg, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb 
52 LuS. °]fe<^ 5-0])^ AjE>jE)fe Sfe o]^o} i^ 0 H, A fe 0, F, S £ PS ^^5)31, 

Bfe Ni £fe Co°)4.) 

2. 

71] 1 &<>H, -#7] i^^H] #fe Mg, Al, Co, K, Na, Ca, Si, Ti, Sn, V, Ge, Ga, B £ AsS olfec^ 
T^fe ^fefe 1- if-tj}fe ^01 e}-§- o)^ ^x]-g- fc^. 

7ii 1 %hi xw*). ^71 t#^fe 

S>7l 5^ 1 ifl*) 9SfeE) ^ajs]^ £Wcr 5H; ^ 

3<H $H *}b|]5. ^7j£] j7_ Mgi Al Co, K, Na, Ca, Si, Ti, Sn, V, Ge, Ga, B U AsS o]^-o]^ ^6\]X\ 
fe §>M- JEfe «f4 ^-g- i^rfe £3*1 e] #-& fe 7fl o]^ i^-5>fe 740] ^ # olx> 3*1 -g- *#;g. 

[3r«H 1] 
Li x Mn!. y M' y A 2 

[S^M 2] 

Li x Mnj. y M' y 0 2 . 2 A, 
[5r«H! 3] 
Li x Mn 2 0 4 _ z A, 
[5r«H 4] 
Li x Mn 2 _ y M y A 4 
[5W 5] 
Li x B!. y M" y A 2 
6] 

Li x B0 2 . 2 A, 
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7] 

Li x Nii. y Co y 0 2 . z K 
8] 

Li x Nii_ y . z Co y M" z A a 
[5r«H 9] 

Li x Ni!. y . z MnyM' z A a 

(#71 q<%*\, 0.95 < x < 1.1, 0 ^ y ^ 0.5, 0 < z < 0.5, 0 < a < 2^3., M'£ Al, Co, Cr, Fe, Mg, Sc, 
Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb ^ LuS, °]^°]^. ?°1H *r4 £tt ^ 

°}^r^ $L±°]3-, M" £ Al, Cr, Mn, Fe, Mg, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb 

LuS o]^-<H^l -id^fc *>4 *m <>1^ A^r 0, F, S £ PS. °]^<>1^ -S^i, 

BfeNi Efe Co°)Cr.) 

^ l % ifl*l ^ 3 f 1 <Hii $ 5a°H. x^el ^HsHH-ifAHH, ^ e g 

3*1-8- «S. 

Mg, Al, Co, K, Na, Ca, Si, Ti, Sn, V, Ge, Ga, B 5? AsS ol^M*) ^ofl^ #6»S|fe ^°1 ^s-aHh. -g-^ SEfe 
^ ^-g-^ *M- £te *M- <WH *W 5^ l iflx] 9 jl^ #«js|fe elf- sj-^hg. 

3Et«rfe ejf - °l*r 3*1-8- aflat tfU. 

i] 

Li x Mni_ y M' y A 2 

2] 

Li x Mn!_ y M' y 0 2 . z A? 

t#*M 3] 

Li x Mn 2 0 4 . z ^ 
4] 

Li x Mn 2 . y M' y A 4 
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5] 

L^Bj.y M" y A 2 
[5, *M 6] 
Li x B0 2 . z A, 
7] 

Li x Ni[. y Co y 0 2 - z A,. 
8] 

Li x Nii. y . z Co y M" z A a 
[SHHI 9] 

Li x Ni!_ y _ z MnyM' z Aa 

(4M 0.95 < x < 1.1, 0 < y < 0.5, 0 < z < 0.5, 0 < a < 2°]3l, M ' -8r Al, Co, Cr, Fe, Mg, Sc, 

Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb ^ LuS. #^5)^ *W Hfe 

^± 0 ]i, M" £ Al, Cr, Mn, Fe, Mg, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb 
g LuS o]^ol^l £^ o]^-o] ^o]^ A ±- 0, F, S ^ PS. ol^H*! ^^5]31, 

Btt Ni Co°14.) 

31 5 ^l Sl^^i, -*7l 32 tfl^] 200t«H 1 ^1 24*12 ^l^Rr 312 

^T 1 "* 7. 

31 5 %H1 5U*H>H, A ^l 3.^ A J"7] ell- -g-^ £fe ^-g-^i- £^r£*l 

^7M^ ^o] ^ 

31 7 1H 5U<H *i ^-7] 2^ 3^ *H1 afe £3.$ 7fif ^<g*Kr S-fl7l *H -3M e]# t 

a^olH -g-^Jj je^ ^ ^-g-<*£ £t*r^ *7M3 ^l^Kr 53°J 312 

31 5 1H St*!) ^£ Mg, Al, Co, K, Na, Ca, Si, Ti, Sn, V, Ge, Ga, B ^ As5- # 

Bjjsl^ =4? g^A}°lH EE^r # ol-S- 4-8-*}°! 4W*rfc 312 «<H1. 

31 T 2 ^ 10. 
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4 5 *M 5a°H. A o v 7] 3^ £ 32 Mg, Al, Co, K, Na, Ca, Si, Ti, Sn, V, Ge, Ga, B g AsS. °l^f-o^ S 

$7] ^la^el^ol^^^elf - i^f-fr Mg, Al, Co, K, Na, Ca, Si, Ti, Sn, V, Ge, Ga, B £ AsS- 

?o)H ^ajs^ ^£ *}4 afe §>q- o]^> ^ * OJ ], ^-8-^ Sfe oH-o) ^ -g-ojj o. s 

2*} -S^i; 

-*7l 2*1- elf- J^l-fr 2*} 3^*H #7] 4 1 £3*1 3 f^of| 4 2 i^e] ^*Rr f^S ^a] 

sfe 5}°J 

11. 



«>4 Sl^r *W- °K V £#*Rr »^HH -g^ 3^ 



£*mSL3. 3$\ o]$ %*\ 42z 



SL^. 1 




>.«c «.*c J.>< 



5^ 2 




- 16 - 



